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Tab.1 Seasonal and spatial variations of environmental parameters in the survey area

A X 3, TRE HhE jay ik = b2l A
Month Area T/C s pH DO/(mg/lL)  COD/(mg/L)
3H —IX Area 1 10.81£0.89%°  29.66+0.11%° 8.20+0.034% 9.64:0.29° 1.09+0.644°
March il X Waterway area  9.00£0.19%¢  29.88+0.09°%®  §.19+0.03%5°  9.98+0.214° 0.83+0.30%
TIX Area2 8.67£0.42%¢  29.87+0.15%%°  §.22+0.02"° 9.88+0.26"" 0.80£0.214%

HNifEIX Offshore area 8.68£0.52%¢  30.09+0.1%° 8.10£0.09%™  9.89+0.24" 0.68+0.16"*

7H —I[X Area 1 25.8240.10%  30.65+0.07°° 7.92+0.024¢ 6.10+£0.274¢ 0.51+0.224°
July LI [X Waterway area  24.63+1.415%°  31.08+0.32" 7.96£0.06™ 6.14+0.29%° 0.33£0.16%°
T X Area 2 24.16+1.44°  31.05+0.62" 7.93+£0.074° 5.93+0.32%¢ 0.37£0.114°

HhEEIX Offshore area  23.33+1.88°°  31.41+0.67*° 7.96+0.06% 6.01£0.12%¢ 0.37+0.214°

9 H —[X Area 1 25.43+0.24%*  29.06+0.63" 8.06+0.02"° 6.27+0.718¢ 1.2240.394%
September v (X Waterway area  25.7240.03°%  30.090.114° 8.09+0.03%%  6.77+0.144¢ 0.78+0.19%
~IX Area2 25.53+0.125%  29.90+0.274° 8.04+0.01"%¢ 6.48+0.16%¢ 1.17£0.504°

HMEEIX Offshore area  25.81£0.13%%  30.30+£0.05%¢ 8.05+0.055" 6.89+0.0749 0.63£0.074°

10 A —I[X Area 1 21.82+0.15%°  28.84+0.44%¢ 8.07+0.144° 8.14+0.20%° 0.98+0.394®
October fiiiE X Waterway area  22.43+0.33%°  29.85+0.55"" 8.10+0.07"¢ 7.66£0.65°%  0.90+0.11"
— X Area2 22.40£0.17%°  29.92+0.254° 8.13+0.04%° 7.48+0.47% 0.79+0.234%

HMEEIX Offshore area  22.61+0.20%¢  29.82+0.38*¢ 8.110.03" 7.28+0.45%° 0.76£0.194°

12 A —[X Area 1 6.42+0.38%  30.06+0.03"° 8.27£0.05%*  10.97+0.54** 0.94+0.50"°
December g i ¢ Waterway area  6.3940.50%°  30.80:£0.15%° 8.30£0.03%  11.24+0.63% 0.59+0.14%
T IX Area 2 6.50+0.66"¢  30.72+0.25% 8.29+0.03%"  11.47+0.76** 0.60:£0.274°

ANEEIX Offshore area 6.70+0.33%°  30.84+0.13*° 8.27£0.03%*  10.93+0.59** 0.60+0.11**

T« TR — R A [ R 7 2 7 A [ 215 AN [a] DX IR 85 2 22 ) 19 22 57t . 355 (P<0.05) , AN [Rl/ING B 7 A ] XI5k
PR 2T SR PR AR AL A 2 (] ) 22 5 35 (P<0.05)

Note: Data with different uppercase letters in the same column indicate significant differences (P<0.05) in environmental
variables in different regions in the same season, while different lowercase letters indicate significant differences (P<0.05) in
environmental variables under seasonal influence in the same region.
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AR 2 (P<0.05) Rk F B2 o L W s T T A 4
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costatum) i 4 XL R, JEF25E X 4 XHE SR A B
7 (Chaetoceros) . i7 IH 4 #1-#: (Bacteriastrum hyalinum)
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23 EBHEYFEESHZTTEL

XoF AR ) F BB AT 1g(X+ ) de, PR FAE
YEEET S5m0 6 iR, WHE 250
Mres R o, Ry 28 0 KL
AR Y 52 B (P<0.05) o 325 301 18] 27 i A 40 = JiE
B M (1.40~739.11)x10% cell/m®, 10 H B+
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Fig.2 Seasonal and spatial variations of nutrient concentration in the survey area
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Fig.3 Seasonal and spatial variations of phytoplankton species composition in the survey area
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Fig.4 Seasonal and spatial variations of phytoplankton abundance composition in the survey area
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Fig.5 Seasonal and spatial variation of dominant species and dominance in the survey area

o: BEEE; A HE, AL —IX; WA: X A2: ZIX; OA: HMEIX,
o: Bacillariophyta; A: Dinophyta; Al: Area 1; WA: Waterway area; A2: Area 2; OA: Offshore area.
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Fig.6 Seasonal and spatial variations in phytoplankton abundance distribution in the survey areas

Shannon-WienerZ#EMEIE4Y I Margalefh=F

Pielouly & F+s % J

OLll v 144 Il | I 1 |

1 L L 11 1 L1 1
119.6° E119.2° 119.4° 119.6°E 119.2°

& 7

119.4° 119

119.6°E

A DI TR I R B AR R RO AT 1Y S s e AR A

Fig.7 Seasonal and spatial variations in phytoplankton diversity indices in the survey areas
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Fig.8 Canonical discriminant analysis of phytoplankton
species in different regions during the survey areas
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Appendix table 1  Seasonal variation of phytoplankton species number and relative abundance at each station

AR WEMREC SEWME RSN WEEESL SEFENE

A# i Number of Number of Number of  Bacillariophyta Dinophyta Chrysophyta
Month Station  Bacillariophyta Dinophyta Chrysophyta abundance abundance abundance
species species species percentage/%  percentage/%  percentage/%
3 A S1 15 2 1 90.38 9.11 0.51
March S2 15 2 0 79.74 20.26 0
S3 21 4 1 71.61 28.20 0.19
S4 11 1 1 57.41 40.12 2.47
S5 17 3 1 79.87 18.85 1.28
S6 18 2 1 40.00 58.87 1.13
S7 23 3 0 51.09 48.91 0
S8 15 2 0 52.59 47.41 0
S9 14 3 1 70.62 28.25 1.13
S10 15 2 0 46.61 53.39 0
S11 11 2 0 59.13 40.87 0
7H S1 9 4 0 93.55 6.45 0
July S2 9 1 0 97.16 2.84 0
S3 10 2 0 95.93 4.07 0
S4 9 2 0 96.89 3.11 0
S5 11 0 0 100.00 0 0
S6 10 1 0 95.83 4.17 0
S7 2 0 85.83 4.17 0
S8 4 0 79.73 20.27 0
S9 6 0 37.53 62.47 0
S10 10 5 0 70.02 29.98 0
S11 7 5 0 63.19 36.81 0
9 H S1 17 2 0 96.64 3.36 0
September S2 9 2 0 97.50 2.50 0
S3 10 4 0 95.73 4.27 0
S4 11 3 0 94.84 5.16 0
S5 11 3 0 93.96 6.04 0
S6 9 3 0 96.67 3.33 0
S7 12 4 0 73.91 26.09 0
S8 14 3 0 60.18 39.82 0
S9 13 3 0 94.87 5.13 0
S10 10 2 0 86.81 13.19 0
S11 10 2 0 86.81 13.19 0
10 A S1 9 2 0 99.43 0.57 0
October S2 10 3 0 99.16 0.84 0
S3 11 1 0 99.51 0.49 0
S4 12 1 0 99.79 0.21 0
S5 11 2 0 99.02 0.98 0
S6 11 1 0 98.79 1.21 0
S7 12 2 0 99.24 0.76 0
S8 15 2 0 99.52 0.48 0
S9 11 3 0 93.89 6.11 0
S10 11 1 0 99.01 0.99 0
S11 8 3 0 96.97 3.03 0
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ARG uhifi Number of Number of Number of Bacillariophyta Dinophyta Chrysophyta
Month Station  Bacillariophyta Dinophyta Chrysophyta abundance abundance abundance
species species species percentage/%  percentage/%  percentage/%
12 A S1 13 1 0 99.73 0.27 0
December S2 14 0 0 100 0 0
S3 15 2 1 94.84 3.87 1.29
S4 15 2 0 97.88 2.12 0
S5 15 1 0 96.33 3.67 0
S6 17 2 0 95.12 4.88 0
S7 12 1 0 97.70 2.30 0
S8 20 3 1 98.40 1.47 0.13
S9 15 1 0 98.36 1.64 0
S10 19 1 0 96.39 3.61 0
S11 19 2 0 95.11 4.89 0

Phytoplankton Community Characteristics and Influencing Factorsin the
Raft Oyster and Mussel Culture Area of Haizhou Bay, Yellow Sea, China

MENG Rongzhao'?, ZHANG J ihongw, WANG Xinmeng®, WU Wenguang®,

LIU Yi’, GONG Xue?, TAN Liushuyi'?, MA Haojie’

(1. School of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable
Devel opment of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071, China)

Abstract Phytoplankton, which serve as primary producers within marine ecosystems, exhibit
rapid responsiveness to ecological shifts in aquatic environments. Thus, they play a pivotal role in
maintaining the health and stability of these systems. China is a leading aquaculture nation boasting
approximately 70% of global aquaculture output, with shellfish accounting for 72% of total
production. Phytoplankton serve as the primary food source for shellfish, which regulate their
biomass through filter feeding mechanisms. Furthermore, the excretions from shellfish modify
nutrient concentrations in the water, indirectly influencing the composition of phytoplankton
communities and consequently impacting water quality and overall ecosystem health. By examining
the intricate relationship between shellfish and phytoplankton and exploring the ramifications of
shellfish farming activities on phytoplankton populations, we can anticipate and address the potential
effects of marine environmental changes on aquaculture. This endeavor is crucial for assessing
ecological carrying capacity and planning shellfish farming activities, thereby ensuring a harmonious
balance between marine economic development and ecological preservation. Haizhou Bay, located
between the southern part of the Shandong Peninsula and the northern part of Jiangsu Province, has
shellfish and Porphyra as its main farming species, with shellfish being the predominant species.
However, few studies focused on the relationship between shellfish culture and phytoplankton
communities in Haizhou Bay.
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Thus, this study aimed to explore the effects of a mixed cultivation of oyster and mussel, and
marine environmental factors on phytoplankton community structure. Surveys of phytoplankton and
environmental factors in Haizhou Bay were investigated in March, July, September, October, and
December 2023. The survey was divided into four areas: Area 1, Area 2, waterway, and offshore.
Areas 1 and 2 served as aquaculture areas, whereas the waterway and offshore areas served as
non-aquaculture areas. The shallow-water type Il plankton network was used to vertically dragged
from the seabed to the sea surface to collect phytoplankton biological samples. Environmental factors
of sea surface and bottom were investigated, and the average value was calculated for data analysis.
Two-way analysis of variance was performed on environmental factors and phytoplankton
communities for seasonal and regional changes. Canonical discriminant analysis (CDA) was used to
analyze the similarity of phytoplankton community structure in different areas, and redundancy
analysis (RDA) was conducted to study the relationship between predominant phytoplankton species
and environmental factors.

Significant seasonal differences in temperature, salinity, pH, dissolved oxygen, chemical oxygen
demand, and nutrient concentration were observed in the survey area (P<0.001). Water temperature
and salinity were affected by terrestrial inputs. In July, September, and December, the nutrient salt
concentrations in Areas 1 and 2 were higher than those in the other regions. A total of 69 species of
phytoplankton in 33 genera and 3 phyla were identified in the survey area, with Bacillariophyta being
the predominant group, accounting for 87% of the species. Fourteen dominant species appeared in the
survey, including Chaetoceros lorenzianus, Chartoceros sp., Coscinodiscus grannii, and Skeletonema
costatum, most of which belonged to Bacillariophyta, with significant seasonal and regional
variations. Significant differences in phytoplankton abundance (1.40x10%-739.11x10 cell/m’) were
found between seasons and regions (P<0.05). After the red tide in September, the abundance of
phytoplankton decreased compared with that in July and reached the highest value in October.
Affected significantly by terrestrial inputs, the abundance in Area 1 was higher than that in the other
areas in all seasons, and the surveyed area generally had higher abundance of nearshore
phytoplankton than the offshore area. Significant regional and seasonal differences in species
diversity index were found (P<0.05). The survey conducted in September, following the occurrence
of a red tide, showed that the phytoplankton diversity index was higher in the aquaculture areas than
in the non-aquaculture areas. Although some oysters died, the proportion of remaining shellfish in
farming was still significant, and shellfish activities possibly increased the stability of the
phytoplankton community to a certain extent. CDA results showed that the similarity of
phytoplankton community structure between the aquaculture and offshore areas was low, and
shellfish activities can influence the composition of the phytoplankton community structure. The
waterway area, due to its proximity to the bay and slower water exchange, had a high similarity in
phytoplankton community structure to Area 2. RDA results showed that the abundance of dominant
species of phytoplankton were affected by environmental factors such as temperature, pH, NO3;-N
concentration, and NO,-N concentration, and the abundance of dominant species positively correlated
with nutrient concentration in July, September, and October. In Area 1, environmental factors such as
water temperature and salinity and nutrient concentration were greatly affected by terrestrial inputs,
and the changes in phytoplankton community in this area may be affected by geographical location
and shellfish farming activities. This study preliminarily explored the relationship between
phytoplankton and environmental factors in shellfish culture area, and its results may serve as a basis
for shellfish culture planning and aquaculture capacity assessment in Haizhou Bay.

Keywords  Phytoplankton; Community structure; Environmental factors; Shellfish farming; Haizhou Bay



